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Nore.—This so is not as a facts and d opinions 
in any of of its 


: q 


:* was | thought that it would be of value to determine how ; much their 
capacity had been diminished by the increased fr friction ‘due to the 


ustation of the interior surfaces. A series of experiments was was plan- 
ned in 18 1893, but it ut it was not u1 until 1 September, 1894, that all the prepara- e = 


om were ‘completed, the weirs rs and piezometers « erected, and ‘the 


begun. Many» delays an and difficulties were encountered 


w which was in 1 regular service, so that the flow could be sto stoppe 


Description of the Siphon —The Sudbury River Aqueduct is 


miles long, and for the greater of its length i it is 7 ft. 8 ins. high 
ft. At a distance of 11.7 miles from ‘its head head at F 


siphon, a part of the Sudbury A 
4 
7 


water is carried the valley: of Rosemary through two 48 


_ in. cast-iron mains, A 800 ft. long, laid side by side on a straight line na 


in plan, and descending gradually : into | the valley t to a . grade about 48 = 
ft. below he ot the — forming an inverted (see 


The en ends of the pipes ar are furnished with gate-chambers covered with 

substantial. masonry buildings. pipes were laid in 1877, and were 

- first put into service in 1878; they | were of the usual hub and spigot - 


Poot cast in lengths of of 12 ft. The pipes | were coated with Dr. Angus — 


mith’ coal tar joints were well, made. 1 Two 


passed yer ‘atandar a w weir. as possible 


arrive at as correct a result by this method as by measurements _ 


of ‘the pipe. 


Before beginning the experiments, photograph SW 


light of the interior of the pipes showing the tubereulated surfaces. 


of these are reproduced on ‘Plate Vil, Figs. 1 and 
ated that the tubercles ¢ - one-third c 


_ interior amas the bottom being more , thickly i incrusted wit 


F while the tops and sides « of the pipes were cleaner. : “ 
4 Scheme of Experiments. —The losses of head were measured as near 


_ the extremities. of the pipe as it was wise to place t the piezometers, an 


in two ways, first, bya set of | piezometers si screwed into the pipes, and 2 
a. ‘second, by tube ¢ gauges placed lengthwis ise on the bottom c of the y pipes . 


gauge chambers. former “method more re elaborately carried 
out and was considered the ] principal one. os The latter had been adopted 
by F F. +P. Stearns, Am. Soc. C. in his experiments at the same 
4 place, and by using it in addition it was expected that a valuable check 
- a It was found impossible t to 0 arrange a weir measurement i int the aque- 2 
ws near the which would a admit a velocity than 


: all the: tubercles frc from one pipe and ‘perm! agi upon 


the | pipe as leaned; then to erect two weirs at the terminus « 


—— 
| 
— 
a 

— “§ 
— 
thus obtained was 3.998 ft s 4 
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 mornann ON FLOW OF WATER IN PIPES. 


ih Chestnut Hill Reservoir about | 5. 3 miles. distant, 


nect the Ww wad at the siphon Ww ith the weir measurement 


at the terminal chamber by means of an extended series of observations © 


which would give a comparison between them at differ ent rates of flow 


up to about ou. tt. per “second. The siphon weir “was then | to obs 


ane out in order to secure as s high a a velocity as possible in one pipe, 7S 


the discharge being measured by means” of the weirs at the 


‘ Ther new weirs of course “4 


shat 


* coefficient ‘of friction of aqueduct w ‘as well known, as 


approximate coefficient of the pipes after the Gres series of experi- 


ments had been completed. Obsery ations were begun on September 
«4th, 1894, u upon t the south pipe, tuberculated, and were continued on- 
s 4 this pipe at various times up to and including October 6th. - Veloci- 


toa : ranged from about 3.5 ft. per second to rather lees than 0.5 ft. 


_-per secc second, and the experiments wet were generally repeated several times 
for each velocity. . On October 18th the flow was changed to ‘the 


north | pipe, tuberculated, ‘and pipe e was experimented upon w with 


a 
the same series of v veloc cities as the south pipe. 


phe north pipe was cleaned November 12th, 13th, 15th by 


= the tubercles completely from the interior. A photograph 


was then taken of of the ‘surface as cleaned (see Plate IX). Itw was found 


possible to remove tubercles without injuring materially ‘the or riginal 

Pe coating ‘underneath them, and, as will be seen by an examination of 


Plate I IX, the or original condition of the pipe > was practically restored. oS 
The tubercles generall had points or very small spots 

attachment t to the iron wil the » pipes. . At these points the coatin 

da acking of course ; but around them spread 


surface of the which remained i in condition 


was nearly amounting to 30% 


ocities. _ This was accomplished at small expense. There were 22 619 


— 


ft. of surface scraped, Swept: and cleaned, with 57 days’ labor, 


the ‘pen “man day ‘being 396 6 sq. it. of surface, 
ora 


days” ‘scraping tubercles ; sweeping washing ‘the 
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held back the water in the aqueduct, and it 
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ma 
ft. the | bottom was was done ith 0 old d-pointed in iron 

November the experiments were | on 

ember 

which the ‘siphon weir was remoy ved. and | experiments Ww resumed 1 

on the cleaned north pipe, an and | extended to velocities: of 7.25 ft. 7; 

~ second, which was the largest amount of wal vater that it was 

cable to. pass ‘through one ne pipe. On January 234, , 1895, the experi- 

ments at velocities on the south pipe, tuberculated, ‘were 

pleted, but it was found practicable only to carry these velocities to 4 


The piezometer ok pian are recorded in Tables Nos. 3 and 4 4, oe 


» -% the , former including those piezometers only which were screwed into 
the sides of the pipes, and the latter ‘the: tube piezometers lyi ing -on the 


as ‘may ishaiidal in Figs. 2,4,8 and 9, a are built s so that s a s third 48-in. . pipe 7 
ean b be added in the efuture. It wa was determined to use the compart- 
ments provided for this third | pipe as gauge chambers. ‘They wep 4 
made perfectly tight by m means of double sets of stop- »-planks with pud- -. 4 


dle filling. _ The tube gauges were led it into these compartments, and 


in 1 the case of the. ‘east siphon chamber « a pipe from the w reir was care 


ried ‘into the same me compartment to a small gauging box to which | 4 “a 


a hook- ‘-gauge was s adjusted. a Great care was | taken to have these pipes a jhe 
— 
rise by uniform grades. to their gauges, and, where a a summit was 


unavoidable, to put in vent pipe carr ed ‘above the water-le vel. 
‘a In this way serious errors, which are ofien made in the re adings =s 


of -piezometers and weir gauges, due to “collections of ‘air, were 


Hi 


avoided. led. The lengths | of pipe under observation were 1 748.1 ft. a. 


<4 of f the north pipe and 1 747. 96 ft. of the ) sow pipe, those being he 


distances, referred to the axes the pipes, between the middle points 


= 


ign 

— 

— 

— 
* 

— 


fe 
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+ 7 _— Piezometers.— —The piezometers that were screw ed into the pipe from 


oe the outside were arranged in the fellowing : manner: A point was se- 
lected at the west end. ‘of the siphon sufficiently ‘remote from the en- 
: trance of the pipe t to: allow the water to attain regular motion. vn This V« 
151. 41 ft. from the upper end of the pipe. The east piezometers 


were ins inserted at 38.07 ft. from the lower end. . The distance between 
these points, “Measured along the axis of the pipe, was 1 615.7 ft. 


iets 
Four openings were made in 1 each pipe al each of these points (sixtee 


—— ] 


©. DOWN-STREAM OF WEIR Fig..11, VERTICAL SECTION ON GH 


SCALE 
METERS 


¢ 
DETAILS OF 


WEIR AT SIPHON Sheen 


Fig. 12, VERTICAL THROUGH crest 
Fig. 13. BRASS PIPE FT. BACK FROM. crest 


of BCALE 2 3 4 INCHES 
2 8 9 10 CENTIMETERS 
¥ holes i in all), and as the w welfare of the city depended upon jon the main- P 


_ tenance of the flow, sleeves were first put around the pipes where the c . 


holes were to be made. tool was devised by whieh 3-i holes were 


bored through the | sleove | and pipe at the points of section, 
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ON FLOW OF WATER IN 
‘These connections were accurately finished to the curvature 


‘They can be distinguis hed i in Plate VIII, Fig. 2. ‘ The i incrustation was a 
4 panne ved from the interior of the pipe around the place of attac hment, a 


ins so that this portion of the surfa face was smooth. Into the outsides” 
- 4 of these piezometer connections 1-in. corporation cocks were fitted | 


om opposite 


to which lead pip es were soldered. T hese lead | pipes fro 


ae gauges, which wore conveniently located for reading the 


sides of the 48-in. pipes were connected in pairs and then carried 
4 
extreme variations of head, were provided with shelters for q 


the observers. Care was to no summits or depressions _ 


“a ese pipes 


7 Tube Piezometers. —The tube piezometers which lay in the pipes 


were of -in. brass tubes, pierced by 14 ; ‘-in. holes, ‘spaced 6 ins. 


Feo = on centers. The tu bes w were closed with pointed oak plugs and 


= were | secured to the bottoms of pipes and the spaces about the 


tubes filled with Portland cement ie 


contained a gauge arranged as shows in Figs. 


and This gauge w was set for reading two om tubes: 


“ter. These be ye connected with the lead pipes from 

either of th the 4 48-in. pipes as desired. Behind the glass tubes were brass 

4 pip pipes for the ve ver niors 6 to slide upon. The scales were specially graduated a 
by: Gurley, and the verniers were made by Buff & Berger. The read- 

were recorded to thousandths of a foot. The lead pipes were fur- 

 nished with stop and waste cocks, both at the connections with | the 

48-in. pipes and at the bottoms of t the | ‘gauges, that. the 

% could frequently test the water columns, to make sure thet they were 


<a 

Weir a at the Siphon. —The general of the v weir rat 


4 siphon with details i is shown in Figs. 


is 
= securely built into the aqueduct a and was tied by iron rods to the a : 


timbers « ; on the down-stream side. It was provided with a screen to 


— 


13 smooth the approach of the water to the w 


at a t 6 ft. above the crest. by means of a tube ‘laid 3 
nel of approach, laid with the bottom and 


weir. Th The head was 


chan 


— 


ft. long, 3.04 ft. high and approached a 16 tt. It 


4 


> gate- -chamber, so that it could not move, and was braced with heavy y | 


4 


is 
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He mow oF WATER IN PIPES. 


piereed with holes 6 ins. apart, smoothly finished, and con- 
nected with the measuring chamber as s already ‘described. blow-off 

at the gauge, which was frequently opened, accumu- 


Careful measurements ¢ the weir were made before each experi- 


wit 


ment, and changes in form, due to swelling or distor ortion, were noted. > ; 


This i is necessary in the case of a wooden weir, for, even with the best 


of workmanship, changes are occurring. 7 shows an 
7 
a 
has ‘boon, made more conven enient by the > special ial ts show 


hook is fest adjusted by delicate spirit to the level 

4 of the crest, the : sliding tin box is , then brought t up ) under the hook, 2 4 

the cock opened and an | approximate adjustment made of the water 


sur face. to the level of t the hook, which is made complete by a slow. 


motion screw; the elevation can. then be read at once at the hook 
gauge at the other end o of the without waiting for wave motions: 


to 
4 Weirs at the Terminal Gate Chamber. —The Sudbury y Aqueduct t termin- 
ates at Chestnut Hill Reservoir r with a large | stone chamber ae 


with five compartments controlled by gates and stop- planks, and con: 


ducting the water into the reservoir or into other connections. The 
west compartment. connect with reservoir. these, two two 


made west wi weir had a length ‘of 5.84 ft., 


and the east weir 6.3 32 ft. ‘They were both at the same level and 8. GS 5 : 
4 ft. high. The ‘position « of thenes weirs W ith reference to the flow i in the 


aqueduct w: was as peculiar. But satisfactory results were obtained by ex- 
tensive screening and and the use e of a al amount of brush 


Comparative Observations between the Siphon and Terminal Chamber 


a. Weirs. —The flow i in the aqueduct was adjusted at 3 o’clock P. M. . for . a 
the amount « of water and at ‘clock the next morning, when 
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THROUGH CREST 


Fic. 21. VERTICAL SECTION 


HORIZONTAL SECTION 


THROUGH CORNER OF CREST], 


SECTION ON A-B 
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EAST WEIR 


Ne 
18. HORIZONTAL SECTION THROUGH 
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axing 


d tinned until 2 2 40 P. M. 


In order to ascertain the time required on the: water to: pass from 


- 2 into the water below the siphon weir at regular inter vals, “They 


were received at the terminal chamber at intervals corresponding 


almost exactly. Accordingly, observations at the terminal weirs were 


s ‘regularly begun 1 when the ] proper r time had ‘elapsed after ‘the beginning ay 
of the the siphon ob observations, and they were continued for the same length e 7 


During the comparative observations: was taken not to disturb 
_ «the: the gates at t the head o of the aqueduct, for it has been found that w hile = , 

it ; takes more eight hours: for the Ww ater r to > travel | the 


into the a aqueduct at the siphon chamber, ov vertakes the 
fo float . before ‘it arrives at the terminal chamber. ‘That ‘is to say, the — 


- ave travels through 17 miles of ; aqueduct in less time than the water 


passes s along the last 5 miles. 


Table No. 5 shows the made between the weirs at 
8 


‘The mean mean ‘ratio of the discharge (Q) at the siphon w weir to the te 
charge (Q) at the terminal chamber was 0.9886, and call the discharges 


found at the terminal chamber were reduced to the | standard of the \ 


4 
siphon w weir by the the use of that: ratio. By a 


Leakage i into the . Aqueduct. —The leakage into the 5 of 
determined by weir meas ureme nts, and was found to amount to 


«5 


c U und to 


—The ze zeros of the gauges were set by very ry careful spirit el- 
the probable. error by least ‘squares being 0.002 in the distance ba 


Wark Level a. ch 1eck on the spirit leveling t the : 


both th ends by reading the rete The readings at the tw two ends of the 


a pipes w were compared, and their differences were tabulated ond plotted. 


4 OX ELOW OF WATER IN 
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Au the differences in the of the tube fully 


the case of the o the piezometers wert 


same level. Tables Nos. 6 and 7 7 give a a summary of com- 


parison. it appears from Table Ne. 6, embracing t outside pie om- 


eters, that in the case of the north pipe, the zero of the scale 


west end was probably | too low by 0. 0019 ft. , and that in the case es ‘F 


of the ne south pipe it was too low by 0. 0020 0 ft., relative ely to the zeros at sks 


wa oat 
From Table No. 7, ‘it a appears that the zeros of | the west tube = ¥, 

gauge piezometers were likewi ise too low by 0.0083 ft. in case 


: = north p pipe, , and by 0.0065 ft. in the case of the south p pipe. . These 4 


not been set with as great care as the een 
By the method of | lee und that the 


the spirit 
_ leveling. This is 0 is ow ing the v very ge “number 0 of r readings of the 


water lev A of inced the author that their 


mean an could be relied upon within 0.001 ft. ft. Hv 


In the tables tl e values and C3 wand been upon the 


basis of the spirit lev: eling. . _ In order to substitute the relation deter 


, - mined by the water- level observations, it is necessar y to make a slight 

correction. The values as corrected are given in the ta bles, and marked 


and and, For ordinary v velocities their differe m and ¢, Cy is in- 


‘significant . The diagrams igs. 22 and 23) have en using g 
the values of c, and c¢,. 


Oscillations in the Isolated ‘Pipes. --The comparisons of the aie” =. 


Z observations just mentioned were noticeably different for dif- 
ferent times. To account for these differences, it sugge ted that 


the effect of the wind ‘might cause difference in the pressure of 
the atmosphere between the two ends of the pipe. i atmosph 
differences existed, it ev ident that a convention that accou t 


should be applied to the » observed losses of head in the flowing 


‘It had been that the two pairs rs of the 


ction the 


— 
= 
si 
all the water-level obser — 
a = _ 
— 
i 
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pair alone was sufficient. 
= 


gange continued to be u for a pair -of piezometers i in the 
lene the tube on the other side of the gauge was connected with the 


still pipe. Observations on the latter were continued during a rie a 
PR portion of the experimenting ; and, ‘as it was assumed that the come 
variations in atmospheric pressure were acting upon both pipes, it v as 4 


intended that the results of each 100 minutes’ observations of the 
should be corrected by an amount determined by the» simul- 


& 
obser ations on the still pipe. comparative 
am 


. : however, did not ‘afford a basis for making the corrections as con- a 


i. There > appeared | to be no scereppendane e between the variations a 

8 the differences of water lev vel and the variations in the velocity and 
direction of the wind. Moreover, for the same interval of time the 


4 difference of the Sc on one set tof gauges was often very different — 


a from that on the other set of gauges, and was 0 opposite in direction in 
somewh hat less. than 25% of the of the outside piezom- 


‘The v variations in questi 


movement of the water in the pipe. ‘The period of oseill oseillation in 
the 48-in. pipe, if 1800 ft. long, W was found by calculation | to be al . 


seconds, neglecting th the effects of fricti The observed period, being 
affected by friction, was from 60 to 70 seconds. The effect of the 


oscillations of the wa ater. in the | pipe was shown on ee —s. 4q 


position of the water surface; and it was at intervals of two 

r minutes tl that the readings were taken during all of the observations i wal ae 

» £ the tube p piezometers, and on about half of the oxpeineate. on the other 4 


results in such cases can obtained by taking 
7. observations so often as to ) nullify the effect of the oscillations, w hich 


. is often impracticable. The error was much smaller i in the case | ot the 
Sl ad readings taken ev ery half minute, which almost eliminated the « effect i 


oscillations. The amplitude ¢ of ‘oscillations, as determined 


‘+ 


— 
— 
| 
— 
— 
— | 
— 
= 
4 
4 pipe was reading the crest of the wave, the observer at the other end 
was reading the hollow, and that the period of oscillation was so nearly 
ee a. one minute that readings taken at intervals of two minutes did not give a | 
Ja 
— 4 
— 


at the gauges. ay It was ‘found ‘that at the open end of the east end of | 
ae 48-in. n. pipe the amplitude w was about 0.03 ft., . while at the east 
piezometer it was 0.005 ‘ft. any correction were to be on 


it would not be well pany making where there exists an nema 
nearly as great arising from other causes. 


It vas found by that of ¢ gauges similar to th 


+ he tubes. It further appeared from an actual test, continued throughout 
_ whole day, that there is a liability to me of observation - 


case of the to 0.001 ft., and to some- 


_ what more than that in the case of the tube piezometers, which were 
unprov ided with 1 verniers. Four series of observ ations of 100 minutes 


we made. There were four observers ‘employed, two at peach 
of the two piezometer gauges, and they changed ends several al times 


"during the day. One observer read the column on one side of the 


gauge, and the other, that that on the oth other side. Readings were taken 


every half minute, the observers reading ‘simultaneously f for half the 
day, and alternately a at quarter-minute intervals the ‘other half day. 
i The differences | of one observer from the o other on the 1 ‘mean of 100, 


minutes were 0. oa 0. 0006, 0. 0003, 0 0003, 0. 0006, 


The author has gone into this matter fally, not so much on account 


of its value i in determining the. coefiic rients, as for ‘the ne Purpose ¢ of show- 


the ‘refinements to which these 


‘Pointing o out what per plexing sources of error are liable t to be encount- ae 
ered in such work. In ordinary experiments to determine the ee - 


ap head it would be er to go to the expense of of wach 2 fine 


Degre ee of Accui in ements and Results. — The 


leer 


of the has been with a precis- 


— 
— 
— 
3 

4 which give the highest and lowest readings in tue differ- 
om is generally less than 
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The ac accuracy of ~— lev eling and of the r pending of the g gauges has 
already been discussed. x Upon these elements the accuracy of the de-— 


as 
termination of the loss of head depends, 
a <a “= he measurement of the >» discharge i is probably liable to an error of 


and, as the var y directly ras t the discharge, the 


cis in error about it ‘the is in error per 


Form ula for Weirs.— —Much study was given to question 


os to use in ‘computing the discharge of the: weirs, and it was 


decided tc to use the result It of Bazin’s experiments, as 
the on in hand. formule is Qa mLH GH. The 
of the coefficient” m for each height of weir were 


tabulated from the results of s experiments and used in 
5 


Notation. egal entering into the formulas are expressed as. 


of pipe. 
= mean ~an velocity i in n feet per second. 


au — hydraulic mean depth i in feet. 


formula to ‘express the of flow in pipes generally, the familiar 

Chézy formula, =c has been made the b basis of study for 

experiments. In the p pipes in question, the diameter being 4 ft., R= =1 
vanishes, so that the formula becomes =cJ*. It being i impos- 

en assign | to c in that formula any one value whee» will fit all 


, the attempt h 1as b een ‘made to find what different values of c will 


fit the various c ns ‘upon. 


value of 108 for making t the formula = = 108 
ments well for all the heads. + The form ¢ .= 100 I is ‘is still easier to y 
remember, and is excellent to« express the flow through 48-in. pipe 


experi 


— 
| 
— 

— 
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ON FLOW OF WATER IN PIPES. 
slightly more say with 20 years’ service. ‘For metric 
measures” these formulas become = 59.63 (R 1)* andv. 21(R 
tivel T fit: the t the cl closely, 
Fespec ively. ne experiment s on the clean pip 


‘however, different ‘values of are required for: different heads 
The Substitution of Kutter’s Coefficients Adapts the Formula t to Different ‘— 
and Particularly to Clean Pipe ve. —In substituting values for the 


of Kutter's formule is admirable it takes 


of the different elements that modify the c coefficient, to wit, 


"the hydraulic | mean depth, the lo loss of head and the condition of a, 
‘surface 4 as to roughness. | The last is allow ed for by the introduction 


of a quantity, represented by called the coefficient of 
This is 0 of importance, it being found that the rusting of the 


interior of a pipe diminishes its. capacity very much, as already ‘stated — =, 


in the of the Rosemary siphon. designing works a a large 


‘mee is necessarily made for this, if they are expected to last 


for many years. ‘The coefficient e according to Kutter’ s formula ‘fits 
well the the experiments on on pipe, taking x = n= 0, 0.011. The ‘The 


‘ 


To fit the ‘experiments on. the tuberculated as as “possible 


with Kutter’ 8 for mula, ; n should be taken about 0. 014, which i is about 
ther same value that he uses for beickw ork. a The for mule then becomes 7 


= 1.582 T+ 0.000893. 
: To fit what the author believes would be the condition ofa pipe badly 


riieted, say by fifty yes years’ service, n nin Kutter’s formula should | 
be taken as large as 0.015 and and the formula would t be 


653 J+ 0. 


This f formula is on 


fit the ee heads, say for velocities of less than 1 ft. per sec second a . 
low velocities the loss of head due to friction is very small and difficult — 


to with ‘accuracy relativ ely “to the magni nitudes inv olved. 


im 
= 
a iz 

= 
Ll 

ave 


ON FLO OF WA ATER 
Hence the probable error is relatively large, and at atthe best the precise a 


form m of the curve which would graphically e express” c is doubtful for 2 


_ very low heads. As n is the coefficient of roughness, it was intended _ ie 


that the s same value should be assigned to it in a pipe in any one given ps 4 


‘state, of w heth the velocity of the: water 


wey 


= 
formula if to experiments may y therefore be obtained 
from the statement that t instead of 0. O14, as above mentioned for the 


ease 0 of t the Rosemary ‘south | pipe, in order to fit the Kutter anne afor 
the of L 2 ft. pers second, to n about 0. 013, and for the 


found that ii 


‘the author’s an on exponential would the case 


‘The | desir ‘mula was: obtained by the me thod of logarith 
homologues described w Pa 


‘Tra ansactions of the ‘Royal Society, , London, 1888. 3 T ‘he logarithms of | 


8; and 


Iw were plotted as abscissa: ." 


- from drawing straight lines, coinciding as nearly as possible with the . 
plotted points on these logar ithmic diagrs ams, exponents were e obtained . 3 


from w hich the follow are derived: 
— 

= 


Cleaned. Tabereulated. -Tuberculated. 
_ ie 


«93. 


‘The expressions in the last two lines are obtained by rounding of 
a for greater they might be be used as as the basis for 


™ 
- 
— 
— 
| 
it 
(166 99,5 203° 
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The curves plotted on the diagrams of of ¢, Figs 2 22 2 and 23, are based i, 4 


on calculation from formulas given in in the first line of the preceding ae = 


E. Experiments of Mr. Stearns The experiments recor¢ dedi in this paper 


possess an additional value: from the fact that the coefficients sad sail 


same pipes when new were ‘determined by F. P. Stearns, M. Am. Soc. 
o as communicated to this Society in his paper r read October Ist if 


By the three experiments w yhich Mr. Stearns as trustw or 
a the coefficient c in the Chézy formula, v: =c(R Di had values as shown 


in the second | column of the table be below, oe the velocities given int in the ; 


‘first column respectively. The corresponding ‘coefficients as deter- 


arab by the experiments of 1894-95 in the « clean pipe (tubercles 
removed) calculated by the formula c = 131.88 0° (the same value 


= used in formula 166 ji '), are given in the third column. 


“4 


142.11 
144.09 


Conclusion. —In referring to the number of years of service of pipes can 

as indicative of the condition of the interior surface, it should be 


- served that i in other localities the effect of use mg not t be t the same as 
on the Boston Water-Works. Many waters, for example, containing 
li 


4 
ime produce a smooth white onaahins: inside the pipes. — Itis greatly to 


be desired that more ) accurate observations experiments 


that piezometric gauges lai on ies ‘pott om a pipe and ‘those 
> gauges laid upo pipe ané 
_serewed in ity equally accurate results and ‘that these 


when ranged ¢ can be dey pended upon as ce 


: tainly as can other hydraulic appliances of precision. _ The author 


— attention to this fact on account of slurs 


— 
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and F. F. Moore, principal . 


assistants in these experiments, to whose skill and zeal the success of _ 


— it have been cast by some 
__ In conclusion the author t 

= of this paper, 
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DISCUSSION. 


E. SHERMAN M. Am. Soe. C. E.- wll 
4 “taking experiments as those conducted and described by the author 
are of the highest scientific value. In the present case, however, one 
"4 circumstance seems to impair the usefulness of the results, namely, ; 


- that the line experimented on, 1, being only about - 420 diameters in 
— length, cannot be classed fairly as a long pipe. Iti is to be regretted, — 
_ also, that the difference of level of the water surfaces in the two gate- — 
4 houses was not rec orded as well as that of the plenemeteic heights. 4 
would have been : a to the data. 


relativ rely steep hydraulic gradient, the interior resistances did not have - 
3 a chance to exert their full influence. It is to be feared that dangerous 
4 generalizations may arise from these experiments, and the formulas de- 
viv ed from them may be used ine autiously i in cases to which they do 

As regards the choice of a safe, practical formula for the fluw of - 


= 


long pipes, it may be laid down as a prin- 


‘The only test of the mer it of an al engineering formula i is w dia in 
a vast majority of practical cases, it gives results below rather than 
ane _ above those commonly realized. If it does this, it is a good formula, — 
no matter how it was derived, whether by elaborate experiment or 
mere guess. Moreov er, a safe engineering | formula cannot always be a : 


‘derived even from experiment, because the experiment is necessar 
conducted under. circumstances which do not or may not exist in 
practice. An elaborate experiment is useful to establish a law of 
nature, such as universal attraction or the mechanical equivalent of 
heat, but ‘it cannot establish a practical _ engineering formula. 
must be founded upon the g general behavior of the w orking : apparatus — 
as commonly constructed. In this case it is the apparatus ns 
which information is wanted and not the 
_ As a safe, simple and practical formula for the flow of are : 
through long pipes, itis believed that no other good as that of 
Darcy, and in making this assertion, the perfection of the experiments — 4 
7 7_ upon which it is founded is waived, and the statement based entirely 


> upon the concordance of its results with those realized in practice. 


= 


H=OL 


AYDH=CL...... 


eS 
- 
| 
| 
: 
through the cleaned pipes at the higher velocities. The most natural 
a a _ 1 explanation of this lies in the fact already stated, that the pipeisnot __ 
— 3 
yg 
q 
— 
q 
= 
— 
3 | 
— 
4 
4 
¥ 
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of the pipe in feet, H isthe total L is the of 
pipe, C is a numerical coefficient, Q is the discharge in cubic feet per * 
second, and A is the ber pipe ‘in square feet. 
* The coefficient C varies for clean pipes, from 0. 00033 for a pipel at 
. For rough Pipes the above 
“ral 0. 00066 and 0.00062 
(2) may be written thus: 


in this formula is assumed 0003085 for smooth 
0.000617 for rough pipes, and if Lis taken as 1 000, and h as the fall 


x or head per 1 000, there results for smooth pipes: 


D= V@= 


v= 1 8.24 D eee 


will that the variation ween # smooth onda a 
; peo pipe is here assumed as 7 2, or, say, 40% greater in the former 
than in the latter. Or to state it in another manner, the discharge of : 
the rough pipe is 0.707, say 70%, of that of the smooth pipe. 
To submit these for ‘mulas to the only true test, that of practical A 
% results, they may be compared with the “examples | given by Edmund | 
8B. Weston, M. Am. Soe. C. E., in his valuable paper, ‘‘ The Results of © 
Investigations Relative to Formulas for the Flow of Water in Pipes.” * 
_ The examples taken are for diameters of 12, 16, 20, 30, 36 and 48. 7 
ins. T he author’ od results have been added for comparison. 


velocity; and the sixth and seventh, the velocities to 
simplified formulas for smooth pipes (7) and rough pipes (8), respec- — 
Bo _ tively. These two formulas are interchangeable by the use of the ‘€O- 
ficient 1.41 or 0.707, applied respectively to the formula for rough ] 
G 5 It will be perceived tha that in all the range of practical examples t taken 
os Mr. Weston’s paper, the observed velocities lie between the | 
represented by formulas (7) and (8). 


Transactions, Vol, xxti, 


| — 


ould, 
a: 

| 

> — 
q 
= — 
&Xperimeter; the second, the nature of the pipe; the third, the diam- = 
4 


IN PIPES. 


y, 


feet per second, 


| = 


Diameter, inches. 
Observed velocit 


q = 


.|Cast iron, lees than seven 
years’ service ........... 
A Cast iron, less than seven| 
| years’ service 
-|Cast iron, less than four) 
years’ service ..... 
cast iron, asphaited. 
rk Cast iron, eight or nine i 
years’ service . 
Cast iron, eight “or nine 
years’ service . 
iron, tarred, five years’ 


-|Cast iron, tarred, five years’) 

-..|Cast iron, tarred, five years’ 

-|Cast _ iron, two or three 
‘er years’ service 
.../Cast iron, heavily tubercu- 
lated .. 


BS 


0.501 | 3.77 
0.582 | 3.93 


On the other hand, a marked difference is observable in the case of 
the author’s cleaned pipes at the nigher velocities, which greatly ex- 
_ ceed the velocities given by formula (7), with which, however, they — 
so! _ nearly agree for very low velocities « of a few inches per ‘second. ‘The ag 


oi velocities for the tuberculated pipes fall between those given by 3 


formulas (7) and (8), as might beexpected. 
“7 — aside the very y low velocities, due to falls of leas than : ins. aa 


be correct, it seems that the mos most t reasonable ble explanation is that seed ¢ 


4 | 0-79) 2.00 | 1.08 
‘ee andl ten 10 | 2 
1.797 | 8.00 | 3.10. 
— ted..| 62. | 5.691 0.597 | 0 
South pipe, tubercula | 3.51, | 3.86 | 2 
yerculated .. 8 | 1.136 | 1| 4.87 | ; 
— 
— 
— 
of a large body of act widely, in excess, 
— ‘ 


thet the nes was not sufficiently long for the full Mr. Gould, 


- = = ecm of the resistances of the interior surface. _ The only other 
iy rational explanation would be an abnormal degree of smoothness of the 


 gurfac e, and either circumstance would annul the value of the aaa 


a 


; 7 a3 In the case of the 90-in. brick tunnel, the observed velocity agrees ees 
admirably with that given by Darcy’s formula for such conduits. This — 
formula is conveniently 


velocities. For smaller diameters formula a ) should be used, with 
the proper value for ¢, as established by Darcy. Mr. Weston’s | ob- 
servations on a 6-in. pipe, given in his paper already referred a. 
justify the use of the simplified formula for pipes of this diameter also. — 

In the absence of further observations, however, it would be best to © 

use it for small diameters as an approximation only. ea cheer 
th view of the fac ts, it Ww “would appear that Darcy’s formula 


a safe rule to ehehie diameters of cast-iron pipes from 12 to 48 ins. 
and that no formula giv ing smaller diameters should be trusted for a - 
permanent 1 water supply. | It fulfils the essential condition of all ' work- — 
engineering formulas, that of containing a reasonable, but 
extravagant, factor of safety. 4 


vee 


—— 
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: 
last formula (9), which seems to be justified by other observa- i@ q 
tions also, gives higher velocities than (7). Indeed, it seems reasonable » 
that a brick-lined conduit, which is always laid to a true descending 4 
¥ grade, with few bends and with a uniform interior surface, should give 
‘ahigher rate of velocity than an iron pipe line, as generally laid. q 
‘The preceding table includes no diameters below 12ins., because — 
from and even at that diameter the coefficient C begins to increase so 
— 


ai CORRESPONDENCE. 


Hering. DOLPH | Herne, M. Am. Soc. C. E. —No contribution of results 


obtained by actual experiment in the domain of hydraulic engineering 
eS can be more welcome than one referring to the discharging capacity of 
pipes under different conditions, on account oft the money value which | 


is often represented by them. There still seems to be a lack of fall . 
appreciation of the inductions that have been drawn from the few but : a 
well- -authenticated gaugings which have been made, and therefore 4 
evidence is needed to increase confidence in them. The author 


a® has rendered a good serv ice to the e profession in publishing a detailed 


x. account of his late experiments. They were evidently made with = 


and results sults obtained are accurate and 


part of paper, which i is ‘oted to an expression of the results 
" _ formulas. Such algebraic aids are often of great value to a practical — 
but sometimes they are the reverse, and, unless 
- understood, are liable, under the cloak of a exactness, to nis 
The author has made the simple Chezy the basis of 
study, to which the writer desires to give a strong endorsement, 
not only because of its simplicity, but also because of its rational 24 . 
struction and practical usefulness. Unfortunately the less. simple 
Weisbach and other formulas are still 
With apparent preference, probably because their theoretical origin is % 


a a little more clearly to me eye, but to the practical man 


Ad 

‘Chezy, or more the Brahms, formula is: 


velocity =c Vrs, in which ris the nine sotien, sis the sine of : oops 


cases, expression been for o over a a century, Brahms iQ 

having first suggested it in 1753. With the development of hydraulics re 
and the demand for greater precision, the so-called coefficient c was” aS 
found to require modification when . applied | under different conditions. a 
In other w words, it was found by 1 more extensive | experience not to be a 


_ Through the classic series of experiments conducted by Darcy and 
% Bazin in France, it was found that the value of the coefficient varied — ; 
greatly wit ith the character r or roughness of the wetted perimeter and — 
also somewhat with the mean radius of the section. Humphreys peri 
_ Abbot, in their experiments on the flow of the Mississippi River, found 
that the c varied with the hydraulic slope. Mr. Ganguillet, 


— 
— 
—, — 
» 
ii 
a 
‘ 
2 
— 
ol 
— 
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‘CORRESPONDENCE oN FLOW OF PIPES. 
city engineer of ‘Berne, Switzerland, and a capable mathematician, Mr. Hering. 
an algebraic expression for the coefficient which would 
ts embody these three variations, and, together with Mr. Kutter, his" pa 
assistant, developed ¥ what is now known as the Kutter formula. — This a 
formula, if applied to the experiments of Darcy and Bazin, is found | 
not only to represent them hein 4 but, on the average, actually better 
Darcy’s own formula. For ascertaining the flow of water in 
channels of regular section a new w and ‘more accur rate expression was — 
> aewe given for the original coefficient c. Its variation. with the 
mean radius and with the slope given a mathematical form, 
these quantities could be suitably expressed, and a new con- 


stant, ‘the coeffici vient n, was introduced, which was intended to 


a 


‘could be applied with confidence as the result. 


ferent values for the of n, with 
cement or planed boards and maar with streams, the beds of which ae 


ye old formulas for general use. 
recent years, however, through the further development of en- 
gineering science, the demand for greater refinements, for greater” 
in getting better results with less “expenditure. of money, has 
_ put the Kutter formula in a similar position to that occupied by the — *s 
-Chezy formula thirty years ago . The n, which was first 
considered to a constant quantity, and which roughly can be 
properly considered as , such, is also found to vary, though between _ 
much smaller limits than the original ‘coefficient 
eee illustrate this statement by the simile of a decimal fraction, — 
suppose the Chezy formula gave results that could safely be expressed 
ate a by units only, the greater refinement of the Kutter formula gave ‘results 
€ which could be safely expressed i in tenths of a unit. At the present 
ei time there seems to be need of a formula which will give safe results 
in hundredths of a unit. Gaugings are being made with greater preci- = 
sion. . It is more necessary to-day that water courses and pipe lines” 
should give the , greatest dise harges with the least possible outlay o of 
"money. Works built in recent years on the assumption, continuing to _ 
_ use the above simile, that accuracy up to tenths of a unit was sufficient, | 
have, in more then one case, affected i inv wanted 


made in more ‘the mean flow of” in 
jected channels. By some radically new formula? The writer thinks 


—— 
4 
q 
(ore 
3 were given up. 16 advantages oO 1s hew formula were grasped 
— 
— 
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some rather than -elue tiation: on the subject. 
the writer’s mind, the proper course to pursue appears to be the ’ 
; ~~ following: Starting with the old and simple Chezy formula as a 
cra foundation, its coefficient c may be considered a constant quantity for — 
rough approximations, perhaps distinguishing between pipes, artificial 
channels and rivers. For closer approximations the Kutter formula — 
4% may be used, which expresses mathematically some of the variations 
of this coefficient, and introduces a new coefficient », which is readily a 
ascertained in practice, | because it represents mainly the degree of | 
-roughne s of perimeter and can be inter rpreted by “gaugings made in 
_ similar channels. For still closer approximation it is necessary to con- — 
sider the variations of this coefficient of roughness in one and the same 
channel, with its slope and perhaps also with its size and | shape 
Attention should be paid to these variations s when safer and more pr 
cise results are desired, rather than to attempts to find a radically n 
Realizing such a necessity in the the writer 
about ten years ago 1 to. plot curves” 
ascertain the nature of the variation of this of n. 
: - Sufficient information was obtained to indicate the rationale and prac- 
ticability of such a course. To facilitate application in practice the 
writer compiled a very large collection: of gaugings* from the case of — 


7 “a pipes to that of the largest rivers, s, and arranged them with the special : 
ae purpose of showing the variation of Kutter’s coefficient x with the _ 
4 = variation of the slope in one and the same channel. By giving s E 
attention to this variation, as indicated by known and carefully made a 


gaugings, ar an will be enabled to forecast the discharge of a 


channel much more safely, and by the constantly increasing stock of — 
gaugings, including cases of every eee kind of surface, he | 
4 will be able to get closer and closer the truth, and thus better ful- : 
fil the increasing demands for cy and safety on the a 


is quite possible that the of gaugings, as 
: abled Ganguillet and Kutter to devise a formula for the variation of ‘i 
the Chezy constant, will , through the greater number of more accur- 
ate gaugings since made available, enable some one to devise a formula 
_ for the variation of the Kutter constant. Until then, the available a ee 
_ gaugings themselves must be used and interpreted by the engineer in 
applying them to each ‘new case. 
It has recently been stated by amember of this Society thatit would — i: 
not be possible to determine reliable, variable coefficients of roughness 
to answer for all localities, because some iron pipes corrode much 


ae * Embodied in the appendix to Ganguillet and Kutter's work on “ The Flow of Water,’ 
translated by Rudolph Hering and John C,Trautwine, Jr. 
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of an iron pipe one locality, after a a few years of service, might 
be quite different from what it would be in another locality, where for 

instance the water had a different chemical composition. 
ar T his statement is one of those which are apt to cause enitiibin of 


‘ideas. can ¢ ever ‘devised nor. can any rule be deter- 


a or rule must depend upon a and omen 
change of conditions, such as subsequent corrosion, a subsequent de- _ 
posit ofs scale or sediment, attachment of a slimy coating or a vegetable : 

- growth. . The probable future extent of these contingencies must be 
determined by a mental and not by an algebraic p process, and the -_ 
ful engineer will decide for what kind or degree of such wit ton 


he it to in his case, and select the coef- 


to vary been and recognized. of 


class of conduits, each one embracing a great variety of 
the engineer will be able to draw safer conclusions if he has a con- ye 
tinuously increasing scale of coefficients before him, along which —- 


he finds those coefficients which represent actual gaugings for definite 
2 conditions, ont between which lies the coefficient that must apply to 

his new case. By means of his judgment, then, weighing the differ-— 
ences between the conditions of his new case and those for which — 
x actual gaugings exist, he can locate a value along that scale for the 


coefficient which applies most to his new case. threo entirely 
unfortunate 


yonential class 


confidence, but aoe | applied to other cases ‘it is sometimes liable to 
hit fi far off the mark. It is ‘much safer" for practical purposes to use 


_ _ the old simple Chezy instead of the exponential form, and, according = 


_ to the degree of accuracy desired or obtainable, vary the coefficient c 

a meine to the Kutter formula, and for finer work to vary also the 
coefficient n, in accordance with the results of carefully made gaugings 

lias similar channels, to suit the conditions of the pa particular c case in hand. 

oS The author’s conclusion that piezometric gauges can be depended 

“2 upon as certainly as other appliances of precision is gratifying to note 
oo of the facilities they offer for making gaugings 0 of this class. 


= 
iia 
= 
4 
> 
1ey should not be applied perhaps thought was unn 7 
should not always b pplied to other cases. Such ecessary, 
| he tye because cases a possibility 
any short series of experiments 4 
a 
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Le Conte. L. LeC M. Am. Soc. C. E.- —The author’s experiments bring 

out clearly the well known diminution in capacity pipe line by 

reason of interior tuberculation due to 15 to 20 years’ service in soft ig 
water, the reduction in the velogity coefficient in this case being 30% i in 


This seems to accord fairly well with the standard 


n the ratio of to. eight ely. ‘The tables 


seem to show a double loss due to tuberculation, which is a new ‘a 
feature; that is to say, a loss due to tuberculation proper and that due — 2 a 
simply to increased velocity of flow such as naturally accompanies the 


gradual in increase in demand for water. 
As the author states, the Kutter formula’ coefficient of roughness 


inued 
use, and a certain loss in 1 capacity for. must fol- 
- dow. The loss due to tuberculation proper, as well as the loss due s 
to increase in velocity, both act prejudicially as regards future 
capacity of any pipe lin line, the only difference between any two cases ses 
eingoneof degrees, 
_ The chief water supplies at and near San Francisco are more or less 
impregnated with salts of lime, and may be classed as hard. Tubercu- 
a 4 ion is rare, , and only where soft waters are in use. Pipes which 
7 e been i in service for 10 to 25 years generally y show a lime-scale on 


of asphalt; but no material aaa in the value of c has been noted as 
yet for the larger size pipes 
‘The formulas | deduced by the author seem to fit his cases w well, but — 
_ whether they are suitable to apply to other cases remains to be seen. 

This has been the main trouble with the old formulas; they were reli- * 

able only within narrow limits near the experiments on which they ; 

were based. The results the author’ experiments should be 

-_ applied to medityi ing the ¢ expression for x in Kutter’s formula by int 
ducing a new variable V, determined by Darcy’s formula as a first aes 


r. Hawks, he.) A. McL. Hawks, Jun. Am. Soc. C. E.—The author shows in Plate 


_ VIII, Figs. 1 and 2, two radically different types of tuberculation in the 


_ ~pipes. _ As he does not state the relative positions of the two points, Py 
the writer wishes to ask for them. In recovering mains which have 2 
been replaced by larger ones he has noticed that those pipes laid in 
. the | lowest t depressions were usually most affected by tubercles, , and 
is desirous of learning if the same was true in this case. nen ae 


In Plate VIII, in the immediate foreground, is shown an almost com- 
fate circle of tuber cles. » & Is this a joint of the pipe encrusted i in thie , 


: 
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‘manner? The writer has also noticed that the most vulnerable places Mr. 
in the coating of recovered pipes seemed to be at the joints. . This is es 


Tt due to the sharp » edges of both the hub ar and spigot on coat 


ina few: years. . In some pipes effect of tuberculation at the 


was to diminish the clear diameter from } to }in., not a matter of © a 


oO much moment to a 48-in. pipe, but a serious thing for a small serv ite ; 
om or lateral. To such an extent has this been found true, that the w oes: 


has drawn plans for joints \ with curves of }-in. n. radius to replace the 

sharp edges mentioned, and has advised, to insure perfect coating | 
: the pipes at the joints, that the space easily reached from the end, about — 
_ $ins. in small pipes, be retouched just before laying, with some of the 


varnishes w which are rapid di driers 


conditions arise whereby a ving of f the 1 largest tubercles 
would be formed outside of the easily pr -otected end joints, and thereby | 
the flow reduced, not only by the additional friction head, but by 
= actual reduction of cross-section. The shape of the tubercles illus- 
trated differs materially from those observed by the writer. In 
the author’s plates they look like barnacles with serrated tops. 
pipes w hich have been in use from three to ten years they : are smooth, 7 
_ rounded humps, much resembling a blister in the coating, and in — 
that stage are very thin and easily ruptured and removed. The writer 1 
has contemplated the use of a rattler such as is used for cleaning -: 
pipes in in the oil regions, for the removal | of green tubercles, if the i 
term may be e used, and desires the spines 8 “eke as to branes such — = 


eases the conduits to cities ‘and towns are than 24 
ins. in diameter i inside, w hich i is about the limiting size it in whic hany 


ecessful manual labor can be performed, and with such pipes the 


author’ s methods of cleaning are not applicable., 0 


Ks  Epav np B. Weston, M. Am. Soc. C. E.—The w riter has been Mr. Wes 
greatly interested in “reading the paper on account of the valu-_ 
thle 
able data which it contains, and the corroboration by some of these toa 
ata of ideas that he expressed a number of years ago in a paper*# = 
|, The Results of Inve Relative to Formulas for the 


“Flow of in Pipes.” 


French civ vil engineer, ‘the late ‘Henry were very y well adapted 
- for pipes having interior sides similar to new cast-iron pipes. One of ri 


pit 


a 
— 
e 
largest of these tubercles wou e useful as showing to what 
argest of these tubercles. This wo useful as showing to what 
= 
as 
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Weston. these formulas the writer ‘considered in cases when the 


was a safe formula for cases: posing the velocity how 
ae "Wee certain reasons mentioned in ain paper referred to, the w riter 
adopted the coefficient of in the following formula as a 


basis of comparison: 


= the of pipe, in 
_ d= = the internal diameter of the pipe, in feet. | 
ui eg o= the velocity per second of the water flowing in the 


ae = the coefficient of friction of the water flowing ant a 


_ the interior sides of the pipe, = —>— 


the fairly well for all The coefficient 

puted from m this formula is 0. 0221, and the coefficient ¢ computed from 

for a pipe 48 ins. in diameter is 


= = 0.02 2031. 7 The coeffi ficient ¢ “computed 


The writer formed his conclusions relative to Darcy’s sails: w 
- comparing it with the results of 46 experiments made by 13 different. 
iy experimenters in the United States, England, Scotland, Fran a5 

Germany. In making the experiments 25 different pipes were used, — 

ranging from about 3 to 90 ins. in diameter, which were new pipe, or 

had been in service from two to thirteen years. - Some of these pipes 

were coated with coal-tar and others were 


The writer's adv ocacy of Darcy’s formula has principally been for 


et the purpose of determining the size of pipes in the first place, and it” 
might seem illogical, without an explanation, that he should beve: 


2 


— 
of 

> . ae 7 The writer, therefore, in the discussion of the present paper will 
Use as a basis of comparison the coefficient of friction The author 
4 
7 
— 
been in service eight years, obtained in Scotland a number of 
— 

— 

4 
— 
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time as a thirteen years. The number of experiments that had been 
= with entirely new pipe, however, was too limited to make use of 
- them 1 alone, and the writer considered that not only was ‘it essential > 
“prov ide a pipe which w ould furnish the required supply, immediately 
after it was laid, but that the future capacity of the pipe, to a certain 7 
extent, should also be taken into consideration. The advisability of 
this i is set forth | by the suthor'’ 8 and those made 


FP. Stearns, M. Am. 
pipes were first laid, coeffic ient fr a 
Stearns’ experiments is 0.0126, the mean cosfiicient computed 
from the author’s experiments after the pipes were an being © 
0.0128 ; and the mean coefficient ¢ computed from his experiments — 
= immediately before the pipes were cleaned is 0. 0221, showing an in- 


crease in the ient ¢ fof 0. 0095 0221 — or in fifteen 


— 
— 
if 
a iim 
— 
‘The'increase in the coefficient ¢, which the writer has just men- 
tioned is shown by Hine No. Fig. 2 


ish 


eston. TABLE ING THE INCREASE OF Due to YEARS OF SERVICE. 
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crease of ¢—¢ 
perl0 years. 


eet per 


second, 


of fri 


Coeffici 
Average. 


2 
ent 


rence, 
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verage rate of in- 


Veloc 


f 


Diameter. Inches. 
Diffe 


Diagram, Number. 


Kew cast. ‘iron mpipe 


Weston,—Cast-iron pipe coated 
by Smith’s process, 


Simpson.—Cast-iron pipe. 


cone Lampe. cast-iron pipe, 


Be 


Brush. —Cast-iron Pipe, 
withtar. 


= 


| "0058 


won 


= 
a3 


11 | .0376 


Stearns, 28,—Cast-iron pipe, coate ed a 


> 
—Cast-ir iron pips, coated with 
coal-tar. 


+ Between data of Stearns and Gale. | 


* Between data of Brush and =. “e 
- 2 Between data of FitzGerald and Gale. 
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sping 


results of experiments made with p pipes that had been in service oer. Westen 
a lengths of time in the United States, England, France and a. 


-_verific ation of the law of i increase shown i the experiments of Messrs. 
FitzGerald and Stearns, as the c coefficients for ¢ each diameter of pipe 
_ were worked out from experiments madeat only one period with each 

pipe, the experiments not being repeated after the pipes had been in - 

serv ice a longer length of time; consequently, the differences are those — 


same pipe. These are also in Fig. 24 and have 
been grouped in order to show the increase in the coefficients ¢ due a 
years of service, as follows: 5.39 and 6 ins.; 12 and 12 ins. ; 16. 48 and - 

ns.; 19 and 20 ins. ; ; 20 and 20 ins. ; 48 and 48 ins. ; and 48 and 48 
ins. The average of the six. lines numbered 2, 3, 4, 6, 7 and 8, which i : 
“the writer thinks are the most reliable, is also plotted in Fig. 24. eo 
coefficient ¢ computed from Darcy’s formula for old pipes 
st double the coefficient computed from Darcy’s formula for new 
_ pipes (for a pipe 48 ins. in diameter, 2 x 0.02031 = 0.04062), , and it es 
is shown by plotting the difference “it the coefficients ¢ for old 
- and new pipes (0.04062 — 0.02031 = 0.02031), upon line No. 6 of Fig. 
* t 24, that the increase 0.02031 corresponds to a length of time of Bia 


for new mentioned, 0. 019892 + 


_ The followi ing fae giv es the dischar ge of a 48-in. pipe, having an 


years. The table was computed by using tl the variable variable coefficient — in 


879 000 
012 000 


— 
ia 
¥ = _ 4 
td ee ing Darcy's formula by which the number of years that a pipe hes Ty ee 
7 és 4 
iA 
= 
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appear reasonable. As can be seen 
= the table, the cnpacity of the pipe, owing to tuberculation, is re-_ 
duced 38% after 50 years’ service; and after 100 years’ service 51%. o1 
to the of a new pipe shout 36 ins. in diameter. A pipe 6 ins. i 
diameter under the same conditions would discharge when new 211 000— 
galls. per 24 hours, and after 100 years of service 104 000 galls. per 24 
hours, or a reduction i in capacity of 51% (as given above for the 48-in. aa 
pipe), which would be equivalent to the discharg ge of a new pipe about 


—— of the best experimental illustrations of the reduction of the {a 
diameter of a pipe owing to tuberculation that the writer is familiar 
The diameter of the pipe was insti with int accuracy be- 
heal and after being cleaned, by filling the pipe with water and care- 
fully measuring the same by means of a special apparatus arranged for 
the purpose. . The average diameter | of the pipe bef before the interior 
deposit was removed was 9.575 ins. . s., and the average coefficient ¢ w as 
0.0473. After the pipe was cleaned the average diameter was 9.634 Are 
a ins., and the average coefficient ¢, 0.0271. The discharge of the pipe, va : 
at an inclination of 0.002, before it was cleaned 7 consideri ing ‘the a above 
figures, would be 482 450 galls. per 24 hours, and after it was 
3 637 380 galls. 24hours, ong 
by 75 the of the pipe reduced 24. 3%, 
the diameter reduced 0.6%. ‘Using the coefficient ¢ =0. 0271 of 
cleaned pipe, in the formula before mentioned for detern mining the 
velocity, the inclination being the same, a clean pipe about 8.61 ins. in 
_ diameter would have the same capacity as the pipe 9.575 ins. in diam-— 
lt may seem a: as though the writer was somewhat inconsistent in his iH 
i" ppt relative to the variable coefficient 6, as he has assumed as 
coefficient for new pipe one which was verified by experimental 
data of pipes of an age ranging from that of new pipes to those which a 
had been in service from about two to thirteen yes ars; and it might be 
thought that if the coefficient £ ¢, was increased owing to years of ser 
— -viee, that the coefficient £ used as a base should be assumed to be that | 
of a pipe that had been in service a specified length of time, and there- 
fore decrease i in value for this specified length of time until the e age of 
If criticisms similar in purport to the above should be advanced, 
the writer’s reply would be that Darcy’s formula for new pipes had 
been proved to be a safe and reliable formula, and that experimental 
data obtained with a single. diameter of p pipe were not of sufficient mag- 
nitude for determining a correction to be applied to aformula which is" 


intended to be used for pipes of all diameters. — Also, that the variable 


SS 4 

— 

— 

— 

Me a 

— 
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. coefficient 2, w hich takes into consideration the number of years that a Mr. Westen. ; 


pipe has been in service, is simply suggested as a reasonable approxi- ta 
mation whic th has been based upon the only reliable | data known to ss 
‘the 1 writer, ‘that have been derived from experiments made with the ; 
ae same pipes, when new and old, at an interval of time between the ex- 
periments which is positively known. It would handily be possible to. 
; con tract a reliable formulas i in which the length | of service of a a pipe 


would enter into the case. or the corrosion of the 
interior of an iron pipe is proportional to the volume of water flowing 
in it—the greater the volume, the more the corrosion ; and the chemical _ 
constituents of the water exert an influence one way or the other, 5 
-- slightly ; alkaline and aerated waters causing cast- -iron pipe to corrode 
_ much more quickly than some other waters differently constituted. _ 
- In closing, the writer would remark that in making use of a formula — 
known to be safe for determining the size of supply or distribution — 
pipe, », the only criticism that an engineer is likely to receive is that his | 
estimates of cost are too high. A criticism of this kind, however, — 
generally helps the reputation of an engineer, as it is apt to give the i? 
impression that he is a safe man. The engineer, however, who tries to 
- figure out the size of a pipe to the lowest possible limit on ace ount of | 
first cost, if the pipe does not come up to the capacity for which it 
was intended, is very likely to be blamed for having made a mistake, 
and his well-meant intentions in regard to first cost are, in the majority 
of cases, more likely to be ridiculed than praised. 
i“ GerorGe W. Rarrer, M. Am. Soe. C. E. —The paper is of interest to Mr. 
the writer by reason of the well sustained conclusion that piezometer = 
_ measurements accurately indicate the loss of head in a pipe liue work- _ 
ing under pressure, as well as for the light thrown upon the influence Hage 
of the interior sur face e of on the dise charge. The vast 


d. : A number of years ago the. writer studied the practice of 
pipe Soundries as regards the ordinary protective — 


of the any , the so carelessly 
failure was fairly certain. As illustrating this point it may be mentioned 
_ that there are now cast-iron mains, laid in 1873, in the streets of © 
Rochester, in which the coating was about as perfect in 1890 
4 i and as free. from blemish as when first laid; while pipe from other 
- foundries laid several years later show ed in 1890 very much the same — 
_ cee’ appearance of the interior surfaces that is indicated in the illustr ations 
in the paper. With the present knowledge the difference in such a 
case must be ascribed almost entirely to differe neces in quahty of the 
material of the coating, or to defects of some sort in the method of : 


appl 
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In ‘the course of the study of coatings referred to, 


point ealed was that i in 
was a purely routine matter, the man’s of 
= at any rate, was of relatively little importance. — At one foundry | ra, : 


"a no person with any knowledge whatever of of the composition of the coat 
preparation purchased in large quantities was 
7 Pe used without test and without question from anybody. Solongas the 
coating hardened readily and adhered, it seemed to be assumed that 
every necessary condition had been fulfilled. The fact that the mate- oa 
rial used for producing the coating | was complex “one, and hence 
a necessarily subject to conditions for the best results, was entirely 
Facts of the character of the foregoing lead easily to the 
that as regards the e coating of of water mains much information i is nee 
If the Boston w ater has a spec ially destructive effect on the soslings 
oa me fact should be strongly brought out by technical investigations, 
and, when established, a special coating devised for Boston mains to 
meet the emergency. In the same way the effect of other waters upon — 
the rdinary coatings should be studied, and, if necessary, different 
. a "preparations devised to meet the various cases. On this point it may 
n> _ be remarked that it seems very probable that the Boston waters are 
__- specially destructive in their action and some of the earlier rer 
a: tion of the Boston Water- -Works r reports is interesting and valuable on — - 
this point.* ‘The softness of the waters about Boston may be assigned 
as the chief reason for the specially destructive action. 
process of as ordinarily om -iron pipe was 


information this very common is not easily 


the writer refers to it here. 


off. The residuum was then hard, insoluble, odorless and tasteless, 
and required an admixture of mineral oil to enable it to acquire, when 
boiled, proper fluidity for the o operation. -, 


of boiling coal pitch after ‘the were 


The experience at Manchester demonstrated that if ‘rusting, how 
ever slight, had taken place on the surface of the pipe, the coal pitch — 
“ty coating peeled off. The proving of the Manchester pipes was alldone _ 


-*See “Annual Report of the Cochituate Water Board for 1852"; also History of the 
ec. of Pure Water into the City of Boston,” Boston, 1868,pp.149to166. 
History and of the Manchester Water-W orks, By J. F. La Trobe 


3 Rafter. the ieading founaries asking > 
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by the ‘corporation before the application of the protective coating, Mr. Rafter. role 
and in order to prevent rusting the pipe foundries were required to __ 
7 - paint the pipe with linseed oil, both inside and outside, as soon as the 
sand was cleaned off ani while the pipe was yet warm. In this co 
dition the pipe was delivered to the corporation for proving and coat-— 
5 ing. The proving consisted in sibjecting them to a hydraulic pressure ove 
equal to 300 ft. head, after which _ they were heated in a vertical pan 
and then immersed in ‘another "containing the boiling coating, into 
which they were slowly lowered, still in a vertical position, and raised 
again. heating drove off any — rust or 
Mr. Bateman states that the resulting added ma- 
_ terially to the volume of water discharged. When the coating was 
fresh the increase over the quantity indicated by the ordinary formula — 
“was 40 to 50 per cent. Ps He also States that an examination of some of a & 
the 36-in. pipes which were coated in this manner and had been laid 30 
years at the date of examinations, showed that no corrosion had 
‘taken place inside, but that they were still as clean as when first _ 
laid. While at Manchester in October, 1894, the writer took occasion i 
toi inquire a as to the present condition of the pipe first coated by ‘DE 
Smith’ 8 process, and was informed that so far as ‘the Water Depart- a ot 


ment had information, derived from cut- outs, | etc., they were still 
as clean as when first laid. : 
Mr. Bateman said further where the oi oiling was neglected 
q quality of the coal pitch not what it should be, the had 
"frequently to be discarded. He had, therefore, always insisted on 
_ the oiling previous to the coating. He also said that waters of more — 


<a or 5 degrees of hardness precipitate an incrustation of lime - 


on the interior of coated pipe the same as uncoated, caiman in 
The first use of pipe coated by Dr. ‘Smith’ process in the 
States was pipe imported from Glasgow for the Brooklyn W = 
Works in 1858.* The Brooklyn specification has been the basis of most — 
? of the pipe- coating specifications thus far used for cast-iron pipe in 
- the United States. _ These specifications begin by stating that the con- 4 
oC ditions laid down must be strictly observed in order te insure the 
_ permanence of the coating and the efficient protect tion of the pipe - 
fr om rusting. pipe pe foundries are not following this o original spe- 
cification closely which, so far as known, has not been i ingen ed 


The cast-iron mains of the Rochester Ww ater- Works were 
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. it is believed from the examinations made by the writer five years ago 


that this coating is generally intact to this day. The wrought- -iron 
conduit of the Rochester Water-Works was, however, ec coated by a quite a 


different formula, derived, it is believed, from Californian experience. 
followi is the specification for this coating: 


«6 First,-—Every } pipe ‘must be clean and free from earth, sand, or 
rust, when the coating is applied, and no pipe shall be coated until the | 
= inspector shall have carefully examined it in reference to 
with the above requirement. ax 
** Second.—The coating mixture shall be pr repared and applied tothe ‘ 9g 7 
of the chief engineer and in the following manner: The 
purest quality of asphaltum, such as shall be approved by the chief — a 
“engineer, shall be procured and broken into pieces containing from two 
— Q) to four (4) eu. ins. and placed in kettles over a heating fur- . 
7 nace; then the interstices between the pieces are filled with the best _ 
Med of coal tar, free from oily substances, and the whole boiled and 
stirred up in such manner as the chief engineer may direct from three — = 
(3 ) to four (4) hours until the kettle charge is asemi-fluid mass. Dur- — 3 . 
sing the boiling such occasional tests shall be made as may be required | 
_ by the chief engineer to determine the quality and character of the — 
mixture and test its adaptability for the purpose intended. 
_ ** When the mixture is in proper condition it shall be drawn from — - 
_ the kettles into a reservoir over a heating furnace or oven of sufficient 
capacity to enable the pipes in lengths up to thirty (80) ft. to be 
is: Immediately after being taken out of the coating bath, a piece o of 
the coated iron is to be plunged into water near the freezing point, and | 
if after removal the coating does not become brittle with a tendency to 
fly off or loosen when pipe is rapped with a hammer, but firmly oles 
to the iron, the material will be considered of good quality, and the — 
work properly done in ordinary cases, although the engineer may sub- oe 
ject the same to such other tests as he may deem desirable. © 
__ * After the shorter pieces of pipe are riveted or bolted together and — 
placed in a trench, a workman shall be sent through the pipe w vith a small + 
kettle of the mixture and thoroughly coat the newly riveted joints, — — 
_ rivets and laps, and all other places where the coating has been marred : : 
Bred or destroyed in any manner. The same shall also be done on 
the outside of the said pipe, either before or after the laying in th 
_ trench or both, if required.” « 


Recapitnlating the subject of pipe coating it may be remarked: AS 

_First.—Mr. Bateman observed over 40 vears ago that a smooth 

y ¥ interior coating increased the delivery of a pipe when the coating vy 

A new from 40 to 50% more than indicated by the formula th then incom- 


q 
4 


ad Second. —The sailnbeiman of the integrity of the coating is a matter 
supreme importance, and hair-splitting formulas are of absolutely 
no use so long as an indefinite reduction of the delivery is possible, due- 
4 to a more or les s constant deterioration of the interior coating. ine 
Phir “d.—As regards cast-iron water mains the coal pitch preparatio 
- Dr. R. Angus Smith as originally applied at Manchester is the best 


thus f ar devised. So far as is definitely known it anes the pipe it in- 
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definitely if ‘applied strictly i in Ww vith ‘the 


perentlation of a pipe ‘coated by ‘Dr. ‘Smith’ s formula w w within 25 


however, that witch 3 is a substance more or less to 
change, and there may bes some ne waters which secelerate these wei 


pre tion of that “paper in 1893, views hy¢ rau lie 
“engineers some clarification through 


is effectually remov ed so. long as 
coating is effectually maintained. On the other hand, for built- ~t -- 
‘f wrought-iron or steel lapped and riveted pipes the doubt has equally 
7 x resolved itself into a certainty. : & is known definitely that for such 
24 pipes | large values of ¢ ¢ in the ¢ Chezy fort mula are entirely ’ inapplicable. 
i Even when the ] pipes are new, ‘the irregularity of the interior surfaces, ia 
caused by the projecting rivet heads as well as the lap of the sheets 
introduces disturbing elements fatal to high efficiency, =| 
In concluding the discussion of his paper on the | “Hydraulics of 


the Hemlock Lake Conduit” the writer r expressed the view that, as a rT 
_ maatter of rational design, the built-up pipes are only applicable w hen 
_ by reason of high pressure or large diameter cast iron cannot be used | ayn 
safely. This v view is by later developments. Certainly 
dec 
byt the necessary | increase in in to. compensate for the 
disturbing action of the rivets and the lap. 
Sas _ There is, moreover, one further consideration in favor of cast-iron 
pipes, , namely, that iron is a material much less easily corroded 
: than either wrought i iron or steel, and hence, per per se, a less « difficult ma- : 
ers to shield properly by the protective coating. It seems clear that 
a failure to appreciate this point has been the source of ultimate un- a 
necessary expense to some of our municipalities where the built- up 7 
“conduits have been used, and where they have been ‘adopted on 
-aslight margin of first cost in their favor, and, S80 far as varias Ww ith- he, 
out regard to the final results. 
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— 
Fifth. —This conclusion is stated in the form of aquestion. Is there = 
= mee any good reason why a coating should be used for wrought iron or a _ 
steel pipe different from that used for cast iron? 
a the writer’s paper* on the “ Hydraulics of the Hemlock Lake a 
Conduit of the Rochester, N. Y., Water-Works,” there is expressed a 
mild doubt as to the correctness of the value ofc in the expression — 
= — 
— 
a 
eg 
if 
— 
= 
a 
— 
= 
= 
‘= 


‘DENCE ON FLOW OF WATER IN PIPES. 
CLEMENS HERSCHEL, M. Am. Soe. CE -If a meter were put into. 
each ¢ of the 48-in. pipes described in the pa: paper r the record of the meters 
4 would show the gradual diminution of, possibly an occasional or 
7 oo regular or annual fluctuation in, the discharge of the two pipes.* AS 
an effective meter for 48-in. pipes and for pipes of any diameter was de- 
scribed i in the in 1888, and since become ar an nestablished 


_ sucha a meter, instead of the more costly, cumbersome and merely transi- 4 
ent method of weir measurements. Indeed, it would not be if = 


the of things to be a last time when weir 
_ measurements are to be undertaken to meter the flow through a couple = 


sof 48-in. pipes forming part of a system of water supply. 2, b= 
7 a In the Journal t of the New England Water-Works Association is .. 
account of the test of a 48-in. Venturi meter, and its results are com-— 
pared with those found in 1886 in the test of a 12-in. and a 108-i -in. 
“§ meter of the same sort. These three tests show a conformity with — 
: each other not found in weir experiments. . The theory of the Venturi 
4 meter also is ; simplicity itself compared with that of a discharg over 


4a _weirjand, beside this, various users of the meter have tested it for 


of a meter will stand established. It ii is less likely 
ee err than a weir, because it acts in ‘conformity to ) simple in instead of ac-— 


4, cording to complex hydraulic laws, | and both use and experiment show 
. to be exceedingly uniform in its results, 


It costs much less than a weir in first cost, and still less to operate. 
ae writer has endeavored to secure from the author of the paper the 
“_ recorded cost of the apparatus | described, , and of the e experiments ¢ con-— 
ducted with it. In default of receiving this statement, the following 7 
_ estimate of an experienced foreman and millwright is given: —__ 


ie: *To illustrate. On March 2d, 1896, the State of New Jersey was visited by a cold, “a 
omg northwest wind, following a freshet that had removed the ice from rivers and ponds. This by 
wind and cold lasted without interruption for more than 72 hours, The consequence was 
that the water-works of Camden, Trenton, the East Jersey Water Company, Paterson, New- 
; ark and Jersey City were all either shut off entirely or sadly diminished in carrying capacity a = 
by anchor ice. The 48-in, riveted steel conduit of the East Jersey Water Company, which — 7 
‘has such a meter on it, had been carrying 36 000 000 galls. per 24 hours. | During the period — 
of anchor ice it carried about 23 000 000 galls, per 24 hours. After the scouring it got from 
ice that entered the gate-house through broken screens, and past screens lifted out of te 
_ way to keep the water running, it was found to carry 37 500 000 galls. This eee ly 
4 - suggeste,as a safe and effective way of cleaning water pipe, to give them annual doses of — a 


Vol. viii, p. 35. 


a See on this point Merriman’ 8 “Treatise on Hydraulics,” Art. 71. 
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‘Carpenter work at siphon chamber, Figs. Sand 9. 


Iron work.. 


Three men on at $60 per month. 


Four 7 


Instead of this, aw ‘meter lined -iron 

- throat piece could have been built inside of the two 48-in. pipes, pre- 
 ¢isely like the meter described in the Journal of the New England 
Water-Works Association, and each one furnished with a register for ES, ie - 
_ less than half the money. _ The ‘meters would have | had the > enormous — 
dvantage of continuing their record indefinitely, as long as. the pipe i: 
asted, and at a mere nominal expense of eerie instead of having 4 


‘Fora moderate estimate: 


‘The presence of a weir greatly ‘disturbs the hydraulic guile, as 
: ‘ necessitates the formation of a pond of still water up stream fromthe _ 
weir, and a depth of water flowing over the weir, on top of this pond, 
addition; about 4} ft. vertical fall in Fig. 17; whereas, a 4-ft.— 
’ Venturi 1 meter, ‘made to meter the same range of velocities (0.5 (0.5 to 7 T 25 
_ ft. per second), and to keep the loss of head at a small amount, would | A, 
_ have been made with a throat area of about two-ninths the full area a ee 
_ of the pipe, and would, at 7.25 ft. velocity, have shown a loss of head a 
ay in passing the meter of about 2.2 ft." The velocities of 5 5 and 3.6 ft. ‘ 
mentioned w would have shown a loss of head of about | 1 and 04 me 
_ The difference between c = 110 and c = 140, or between the sale : 
> and the pipe after 18 years’ use, means a loss of head on 1 800 ft. 5 
length, due to alone, 5.5 and 3.6 6 ft. 
Second, of 3 


— 
— 
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> 
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if the paper it shows that the 
chart of logarithmic homologues had not been finished, an 1 its 
derivative exponents had ‘not been determined before tl the pipe: ex- 
-perimented on had changed their ‘earrying capacity sufficiently 
render these exponents inapplicable. Looking back over the hydrau- 

q lic literature of the past 30 or 35 years, it seems to the writer that he 
* could readily count up at least twenty different sets of f formulas set up 
“a ing that ‘time, each | one as the best with whic h to ‘compute the 
carry ing capacity of pipe lines. _ Nearly each year sees such created, — 

_ each one derived, first, from a penible fitting and swinging of plotted _ 
pene to represent as well as they may certain plotted experiments; 
‘second, by means of one of the ‘several mathematical | Ssleights of 

hand devised to convert. curves into formulas.’ All such formulas a are 
 delusive. because they portray only the discharge of the pipe or pipes _ 

in question at one certain period of their life; whereas, it is more im- 7 

portant now to get the discharge of the same pipe, and of many kinds — or. 2 

a pipe, at many periods of their life. e. The paper is perhaps unique 

ini literature on the subject t, as giving the discharge o of the same pipe 7 
hel an interval of many years, and nearly so as giving such discharge 


beforeand aftercleaning, | 
= It is true that to get the law of variation due to the different sizes _ 
a and slopes: of the same kind of pipes, it is necessary to compare them 


ttended to. Where a coefficient for the same pipe varies in 18 years __ 
from 110 to 140, the form of the formula becomes of minor importance, ‘ 
poe the Chezy form: will be considered by most engineers as good — 
ae for all practical purposes, © the coefficients being once closely — 


Possibly the use of the Kutter scale wd or of 


_ hen they are new or smooth, but this seems to have been sufficiently =. 


to by ‘ene than a table of 


is easy to adduce examples. ‘Thus, Rudolph Hering, M. 
Soe. ©. E., in discussing the paper by George W. Rafter, M. Am. Soc. 
E., on the Hydraulics of the Hemlock Lake Conduit,” * takes 


- Kutter’s coefficient n, for 36-in. and 24-in. new riveted pipe as 0.011, 


Ty« Te while he takes it as 0.012 for new cast-iron pipe; when any tyro in 


= 


1896 can compute - for himself that it should have been taken at least ce 
equal | to 0.013 for new riveted pipe; »; and when ev every beginner | also 

knows now that it is equal to 0.016 under some conditions of use for SS 
that kind of pipe. a 4 ft. laid on a of 2in 1 000, 


_ * See Transactions, Vol, xxvi, p. 40. 
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ficient between 145 and 13 130, difference of 5% in the discharge; Mr. Herschel. 
nd the difference between n = 0.011 and x = 0.016 is the difference in agentes 
ee the coefficient between 145 and 95, or a difference of more than 34% in he 4 


Mr. Hering had, in 1888, translated and | extended Kutter’ s book, an 
and was therefore on will. posted in 1892 on the use use of J 
the Kutter formula as anybody. He had Mr. Rafter’s carefully written 


paper before him, w hich gave for the first time reliable gaugings © = 


or coefficient “could no not prevent h him from making what would have to be 
if counted as an error due to negligence, except for the facts noted, that 
even in 1892 the construction and computation of the swan 


2 capacity of large riveted conduits was yet a new thing. Engineers 


then or up to that time most conversant with long conduits of that <i 
kind, had united in ¢ opinion and i in publication ubjec on 
treating it as of a similar degree of interi 
_ pipe, and also as not subject to material deterioration of interior sur- - hi, 


face in the course of time like cast iron. So the record shows, that in — 
spite of the use of the Kutter coefficient of roughness, an able engi- - ; 
_ neer like Mr. Hering was, in 1892 » legitimately under the same or a— 
similar delusion with regard to proper coefficient to apply in com- 
- puting the carrying capacity of riveted pipe and with regard to the : 
true carrying capacity of the Rochester conduit, the recor 
shows a long line of eminent and able engineers, also the writer, to 
been, up to 1889 or 1890. Over « and above all this, those 
have themselves experimented on riveted conduits know that Kutter’ 
coefficient of roughness does not compute a constant for one and the i 
"same pipe, during one and the same series of experiments. It varies 
sufficiently to cause the discharge to vary 25 or 30% | from what it »' iz 
would be on the assumption of either of the two extremes of degree 
of roughness applicable to the same pipe at any one time, this — 
roughness varying with the velocity. This is especially true in 
cases of a high range of velocities, ,and it is not. yet properly deter- 
when the coefficient c increases and when it decreases with the 


Another ‘such case is pointed out on page 2 2 257 of the paper now under . 
by showing that the Kutter coeftic vient of roughness for 
_ tubereulated pipe varied with the velocity from 0.012 to 0.014, mean- 
_ inga possible variation of discharge as 110 to 130, or 18%, according 
_ asthe pipe be assumed to belong to one category of ois wma s or the 
Another such case is found on page 141 of Mr. transla- 
of Ganguillet and Kutter’ Flow of in ers 
Channels,” 
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Herschel. as 112 to 142, or 27%, according as the assumed to one 
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Me These cases should be sufficient to show the lack of support to be | * 
_ ; derived from a Kutter coefficient of roughness, in computing the dis- 
_ charge of a new kind of water channel. They should prove thata 
o claim of increased accuracy to be derived uniformly from its use ne 
"4 in error » for a coefficient of roughness which represents the roughness | 
Al of: a pipe as changeable. within a minute or a second to an extent of 
—o affecting the discharge 259 and over is a misuse of terms, and is 
itself no better than the plain coefficient it endeavors to replace. It 
is worse, because one variable coefficient is better than two. In other © ra 
_ words, Kutter’s coefficient, in many cases, does not apply, and for such 
_ is worthless. «itt was worthless for riveted pipe in 1889, and is yet, 
possibly, because Kutter had not had sufficient experiments on this | 
-‘Kind of pipe at hand to use in constructing his empirical formula. a 4 
is better as an aid to an oan exhibition of afterthought, than it is to facili- na 
= the « exercise of pre’ previ ision or of prophecy, less 
is at this time in to make on many 
kinds and sizes of riveted conduits. He is making such, as occasion 
_ demands, and has long intended to find their coefficients and to publish — . 
“them in digested form, when somewhat complete. At present, the 
3 data available concerning this kind of conduit, so far as the writer has _ “ae 
yet seen them published, are still too meager to permit of aught but 
ill-founded, possibly illusive, and mere ephemeral s speculation and 


Referring again to the exponential formulas of the paper, | there i i. © 


in the writer’s opinion, no utility, in the present state of the knowledge ei ; 


on this branch of hydraulics, in setting up specific formulas to repre- — 


sent specific experiments or gaugings. As a diversion from the line of 
4 advance on which such studies should be e concentrated, there may even a 


be in it somewhat of impropriety. = 


A Toward the close of the paper is this sentence: ‘‘ The author is 


instruct an expectant profession on the value and the true meaning of at 
this class of record readings. It has been observed, for instance, that — 
piezometers do not always read alike, when tapped i into a pipe at dif- 


- ferent points in the circumference of a pipe. This is noted on page ia 2 


- 248, Vol. XVII of Transactions, and is also discussed in Merriman’s a 


‘Treatise on Hydraulics,” Articles 70 and 84. 


meter. It was made over weirs, of the water flowing in a tube ew otek witha 
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perticular in calling attention to this fact, on account of slurs 
have been cast by some hydraulicians upon piezometric observations.” 
— 
The gauging here referred to is erroneously stated to have been made witha Venturl 
— 


at 


> 


~ necessary to to tap | more than four pt or into the pipe at the = 


: stations, and to take observ: ations on each tube separately. ‘But by 
3 tapping four only and then connecting the lead pipes in pairs, the 
phenomenon, if it existed in this case, must have been obscured beyond ~ 


piezometers described in the ‘paper were 1 in. in diameter, 
which is an unusually large size. The writer introduced the method of 
_ Jeading the orifices from the pipe into a pressure chamber, and then -' 

- attaching the gauge tube to the pressure chamber, and this method _ 


ae has given good results i in the hands of other experimenters, but batshould 


i It certainly is not clear mi day, any more than it ever was, whether am 
fe piezometer readings are wholly a function of the mean velocity, ae 7 
partly, at least, of the surface, or some other internal velocity of the 
water contained in the pipe also also, or how they are affected by } posi- 
tion, angular or ‘otherwise, or perhaps by size, or just what is the 
4 and hydraulically most accurate and perfect way of construct- 
a ing and placing them, or what should be the standard way of con- — 
e structing and placing t them. _ So that it is fair to assume, that much 


still remains to be sought ‘and discovered of matters relating to 


Lee Desmonp FrrzGeraup, M. Am. Soc. C. E.—The only portions of Mr. FitzGerald i 


the propriety of the exponential form “of equation submitted by the 
author. Mr. Hering champions the Kutter formula warmly, as might 
have been expected from his long and able work in connection ” ith its 
- by Americanengineers,§ = 
The value of Kutter’s work is appreciated by the author, w ho was 7 He a 


pene to give the results of his experiments in the Kutter an well al | 


4 . the discussions which call for serious attention are those which attack a 


the exponential form. If, however, it should appear from recent 
- gaugings that the monomial form of equation, with variable exponents 
= is capable of a wide and accurate application, and | that it is both 
simpler and easier to use, the author sees no reason” n for clinging 
‘blindly to any other formula, no matter what its history may have = ae 
es been. It is known now that the Chezy formula upon which Kutter’s _ vee 
_is built is founded upon a serious error. Resistances do not vary ex- a. 
actly as the > square of of the velocity, however much the text books oks may oe 
Mr. Hering believes, that the “ only” proper course to 
a pursue is to start with the Chezy formula. — The diffic ulties met with — 
will be apparent upon a close perusal of Mr. graphic je de- 


‘scription. 
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FitzGerald As early as 1850 M. Barré de Saint-Venant* proposed 


ith two arbitrary constants W which he attempted t to ascertain. From 
the data then ventantinns he found the index “ the velocity to Ww hich the : 


‘tale. It is known now that 1.71 is a very low index and — 7 4 


an extraordinary degree of smoothness in the channel, corresponding _ 


Fad an ‘‘ impropriety ” to turn backward to the exponential form? q 
‘The future must of course determine this. Its introduction in the 
"paper was done at least after long end before bese 

D oe it the om 


has shown that a number of trustworthy gaugings of cast-iron pipes: 

_ give 1.88 as the exponent fitting closely the experiments on clean pipes, 

-_ The author found 1.91 in his experiments, and Prof. Unwin de- 
- duced 1.95 from his examinations. If it be true that a coefficient of a 

— can be found which i is constant for any given surface, what- _ 


pose to the author that | it must be as easy for an . engineer ‘to use a = 
-monomial formula with an exponent which can be varied to suit the — 

varying conditions of roughness of channel as to apply the more com- 
plicated method of Kutter. 

Mr. Herschel’s "optimistic statements in regard to the ‘Venturi 
"meter are correct, then he is to be congratulated upon this remarkable 
revolution which has already relegated the weir to obscurity. Still ¥ 
the: author is not persuaded that he would have done better to 
use the meter in these particular experimen ts. would have 
- impossible to carry the velocities to over 7 ft. per second, as was done 
the of weirs, and per it have been desira-_ 


“have been to bien had it been without much time 
a trouble. The work was carried on almost entirely by the regular ee 
maintenance force, and there seemed no sufficient reason to justify an 

‘The author hopes that whatever this ma may ies been, the results 
- may prove of value tothe profession. — Mr. Gould seems to be uncertain 
on this point. The author is very sorry that the 48-in. pipes discharged — 
so much more water than Mr. Gould seems to think they should have 
done. . It is to be hoped that notw ithstanding that gentlem man’s faith — 


a in the Darcy formula, he will not w = himself very much over ean: by 
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Pp. 283-6, 581-3; Annales des Mines, XX, 1851 (4mne Series), Vol. 61, running number, 
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“that generalizations: may arise from these Mr. FitzGerald 
ie Heights of the water in the gate chambers were properly recorded and a 


ee “Tf the paper teaches anything it shows: that the chart of loga- | 

-_-yithmie homologues had not been finished and its derivative exponents 
had not been determined before the pipes experimented on _ had 
changed their carryi ing to those 


capac ity of nine has | diminished reulation. "The value 


remark lies in its Ries 


- ak Mr. Herschel to ‘study the agreement between the readings | of the 
piezometers, rs, whether r deduced from the tube piezometers. lying flat 
upon the bottoms of the pipes or those screwed into the sides ofthe 
2 pipes. It was no part of the problem to determine the effect of piezom- 
ae f eters set at angles’ to the flow of the stream, which has already been > r 
7 Mr. Weston defends the ‘Darey formula with ability. As long as 
that formula gives results upon the safe side no one is hurt, but is “an es 
ce desirable to apply a formula to the discharge of a large clean ara 7 - 
-_whie h really gives tl the discharge of an old and tuberculated main ? Is 
it not. misleading and liable to obscure the important fact that i car- - 
ih ‘trying capacity of a pipe decreases rapidly with the changes which take 
- place i in the nature of the wetted perimeter as the pipe ages? 
‘The following information is in answer to. questions | asked by Mr. 
Hawks. is “true that the circle of tubercles dise losed by the 
photograph is at a joint. _ The author, however, does not ‘think ©. 
that the joints generally showed this effect. _ Some of the tubere ie 
ie were half an inch in height, but no blistering was noticed. | a 
: author does not know how well a rattler would work in removing — 
volume might be written the subjects suggested by M 
7 a - Rafter . It is true that the coal tar used in coating cast-iron pipes is 
very carelessly applied in some foundries. _ There is ample r room for 
_ reform i in this direction. Much more attention should be given n tothe 
lining or coating of pipes. In the case of large mains the author has 
rn - frequently noticed great ridges or concentric rings in the interiors and 
_ he has some fine photographs which show this common fault. ‘The — as 
Tings are caused by the impressions | made in the soft clay core ores by 
the une of leading, where the menting is done vil hand with a 
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2Gerald pensive ad wasn: to the frictional resistances and consequent losses of 
An ‘experiment secuntly made by the euthor on a new 36-in. main 
amile in length gave v= = 136 (R for a velocity of about 4.7 ft. 
second. forms of a series of "measurements | on this pipe at 
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